I. INTRODUCTION The exact wave function for a many-electron system can be written as the sum of products of spatial functions with spin functions. ' In this paper a perturbation expansion for a single one of these spatial functions is derived. The Hartree-Fock Hamiltonian in which all electrons formally "see" the same field even though the self-interaction is subtracted off by the exchange term. The present procedure has all the usual problems of convergence; and in addition, it has the problem that the higher-order corrections to the spatial function have to correct for the fact that the zeroth-order function does not have pll the necessary transformation properties, although it does have sufficient symmetry so that there are no other functions belonging to the same representation to which it can converge. Thus the likelihood of convergence to an undesired solution, which must belong to a different representation and hence will give a null antisymmetric wave function, is actually minimal. For example, since Hartree orbitals are close to Hartree-Fock orbitals, the first-order energies and zeroth-order charge distributions are similar; and the present Hartree procedure should have convergence properties similar to those of HartreeFock perturbation theory. ' ' The formulas which are derived from the present theory are rather simple, and we believe that the higher-order contributions are easier to calculate than the corresponding terms for Hartree-Fock and other manyelectron perturbation theories.
The idea of calculating "spin-free" parts of the wave function has been dealt with at length by Matsen and co-workers, 7 and these studies, along with recent work of Goddard, ' Hirschfelder and Silbey, ' Claverie, ' and Musher" can be considered as precedents for the discussion given here.
In the next section we present the general argument and describe the application to two types of problems: the calculation of atomic (and molecular) 
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and hb(i)bk(i) =eh bk (i) b (24b) with the operators defined by'4
The solution 40' of (13b) can be written as 
if higher-order corrections are desired.
The perturbation-theoretic expansion can be expected to converge, since the "Hartree energy"" Ep +E j is a good approximation to the total energy -a recent calculation shows this to give 99% of the experimental nonrelativistic energy for the argon atom' -and since the orbitals and the orbital energies are very close to the Hartree-Fock orbitals and energies. " These latter are generally accepted as being the "best possible" orbitals, althoughthe convergence of the Hartree-Fock perturbation procedure has only recently been considered for the first time '
In order to appreciate this point further, the similarity of the Hartree perturbation-theoretic procedure to the Hartree-Fock procedure should be k = (a(1)b (3) Ig (13) la (1) 
with the pair functions the solutions to pair-equations such as
with k a Coulomb integral as in (32) There is, however, one condition for convergence of the perturbation procedure for C"which, although it is usually satisfied and the Hamiltonian can probably always be modified to assure that it is satisfied, must nevertheless be noted. In the equation for uab (13) 
into (32), we get the coefficient 
An example of such a state is the ground state of Li which is discussed in Appendix B.
As a last example, consider the simplest triplet S = 1, Sz = 0 of an N-electron system for which all but two electrons are paired. The functions X, and 4, ' can be written as to a solution which is antisymmetric or belongs to one of the more complex symmetries, the wave function defined by + = CC pxp vanishes, so that one can determine whether the desir'ed function has been indeed obtained. While the utility of this procedure is not evident, the point made here is merely that there is no explicit objection to using such nonsymmetric functions in a perturbation expansion. When both solutions are required, then the methods of the previous section, in which a true exchange integral appears, are best used.
Notice, of course, that because of the symmetry of both Hp and 4p under all the remaining Pn n+ j (n odd), the perturbation expansion cannot change the symmetry behavior under these permutations; but because of the lack of symmetry with respect to P~1~, the perturbation expansion can produce the correct symmetry that was not included in 4 p'. This method can be considered the inverse of symmetry breaking, in that one starts with a broken symmetry in order to approach the exact symmetry perturbatively.
As a second example, and one whose two-electron analog, the hydrogen molecule, has been given previously, " consider a closed-shell singlet, diatomic molecule whose 4 p' would ordinarily be given by (19) . If, however, for some reason it proved desirable to take 4p as 4O'=a(1)a (2) 
with that based on electrons in diatomic molecular orbitals, i.e. , @. '(~) = (~+&)(1)(&+&)(2)(C+D)(3) X(C+D)(4)(E+F)(5)(E+F)(6). Fig. 1(a) ', then the spin part must transform like Fig. 1(b 
Starting with the spin function X = o. ' (1) 
